The effects of double (n = 60, group 1) versus single (n = 60, group 2) aortic clamping on myocardial function and protection were investigated during coronary artery bypass grafting using a heart-lung pump. In group 1, after opening the cross clamp, proximal anastomosis was completed using side clamps and, in group 2, distal and proximal anastomosis was completed with a single clamp. Cross clamping time in the single-clamp patients (group 2; 77.1 min) was significantly higher than in the double-clamp patients (group 1; 62.9 min). Troponin T was significantly higher in group 2 than in group 1 h and 24 h after surgery. Post-operative left ventricular ejection fraction decreased in both groups, but this was not statistically significant. Post-operative wall motion score index and myocardial performance index increased significantly in both groups compared with the pre-operative level. Overall, the doubleclamp technique provided better myocardial protection than the singleclamp technique and neither technique seemed to have a negative impact on the early post-operative global functioning of the left ventricle, however the effect of these techniques on the global functioning of the left ventricle in the late postoperative period needs to be evaluated.
Introduction
Myocardial damage during cardiac surgery is one of the most important factors in mortality and morbidity. 1 It increases the need for high-dosage inotropic agents and intra-aortic balloon pump use in the early post-operative period, eventually leading to myocardial fibrosis in the late post-operative period. 2 Myocardial ischaemia can develop during cardiac surgery, when the heart is stopped to create a bloodless and still area, due to disequilibrium between the oxygen given and the amount needed, and myocardial protection during surgery can decrease the amount of ischaemic myocardial damage that occurs. 2 The risk of ischaemia may be reduced by lowering the oxygen consumption and providing more oxygen and metabolites. When the heart stops after placing a cross clamp on the aorta it needs much less oxygen than when it is empty, O Tiryakioglu, U Sayar, S Demirtas et al. Single versus double aortic clamping during coronary bypass palpitating or in fasciculation, and lowering the temperature of the heart also reduces the cellular metabolic rate. Whilst the heart is not working, the infusion of solutions containing oxygen to the coronary tissues, as well as the infusion of solutions rich in metabolites for aerobic and anaerobic energy production, helps to equilibrate oxygen and substrate levels. 1, 2 In the single-clamp technique, the heart is started after the proximal anastomosis has been performed, whereas in the doubleclamp technique the cross clamp is taken out after the distal anastomosis has been finished, the heart is started and the proximal anastomosis is then performed using a side clamp. At this stage the left internal mammary artery (LIMA), or the right internal mammary artery (RIMA) if used, starts to work. The heart is fed and the ischaemia time is shortened.
In the past 50 years many techniques have been developed for protecting the heart during coronary bypass surgery. In 1950, hypothermia during cardiac surgery in dogs was used 3 and, in 1955, the first experimental study of 'cardiac arrest' with a cardioplegic solution containing potassium was performed. 4 In 1973, it was shown that, in comparison with the fibrillating heart, oxygen consumption by heart muscle is lower whilst in arrest with potassium. 5 In later years Tyers et al. 6 showed that cardioplegia with a low potassium concentration is safe.
To date, studies using single or double aortic clamps have mostly investigated their effects on the neurological complications associated with cardiac surgery. The present study, however, aimed to investigated the effects of single or double clamping of the aorta on myocardial function and protection in coronary artery bypass graft (CABG) surgery using a heart-lung pump. Patients in whom three or four CABG were needed were included. Excluded patients were those who needed only one or two CABGs, those with an aortic diameter ≥ 4 cm, those who had calcific aorta disease, those who needed another operation as well as CABG (such as ventricular aneurismectomy, mitral valve replacement, or aortic valve replacement), those who had renal or hepatic failure, those who were operated on in emergency conditions, those who had chronic obstructive pulmonary disease (COPD), or those who were taken in for revision of or had undergone previous cardiac surgery.
Patients and methods

PATIENTS
RANDOMIZATION AND SURGICAL PROCEDURES
Cases were randomized to one of two groups undergoing elective CABG using either a double clamp (group 1) or single clamp (group 2) of the aorta. In group 1, proximal anastomosis was performed after taking out the cross clamp and positioning a side clamp. In group 2, distal and proximal anastomoses were performed under one clamp. Both techniques were performed by the same surgeon and the same surgical team.
All cases were taken into cardiopulmonary bypass under hypothermic conditions (28 -31°C) with 2.2 l/min per m 2 total systemic blood flow. In all cases, standard median sternotomy was performed. Later, the LIMA O Tiryakioglu, U Sayar, S Demirtas et al.
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and a convenient vena saphena manga graft from the lower extremity were removed and prepared. Cardiopulmonary bypass was performed by arterial cannulation to the ascending aorta and two-stage venous cannulation to the right atrium auricula. A cardioplegia cannula (Bicakcilar, Istanbul, Turkey) was inserted into the aortic root and all cases were initially given anterograde cold crystalloid cardioplegia (St Thomas' Hospital cardioplegic solution II [Plegisol], Abbott Laboratories, Chicago, IL, USA) to provide myocardial protection. A temperature probe inserted into the apex of the left ventricle was used to ensure that cardioplegia maintained the temperature between 12°C and 15°C; myocardial temperature was measured every 10 min in both groups. At 5 min following cold crystalloid cardioplegia infusion the mean myocardial temperatures were 12.5°C in group 1 and 13.1°C in group 2 ( Fig. 1) .
In all cases the prepared LIMA graft was anastomosed to the left anterior descending (LAD) coronary artery. Venous grafts were used for all other bypass procedures. RIMA or radial artery grafts were not used. Since none of the patients in the study had left main coronary lesions, valvular disease, or poor ventricular functions, retrograde cardioplegia was not used. In both groups, initial cold cardioplegia followed by cold blood cardioplegia were administered via cardioplegia and venous canullas, respectively, after performing each distal anostomosis.
In group 1, warming was started at the LIMA-LAD coronary artery anastomosis with warm blood cardioplegia on completion of the anastomosis. The cross clamp was taken out, a side clamp was positioned and the proximal anastomosis was completed. In group 2, all distal and proximal anastomosis were completed with the use of one clamp and warming was started during the LIMA-LAD coronary artery anastomosis procedure. After completion of the last proximal anastomosis, warm blood cardioplegia was given and the clamp was taken out.
If needed, dopamine 10 -20 µg/kg per min was to be administered as the first-line inotropic agent and dobutamine 2 -20 µg/kg per min was to be administered as a second inotropic agent. 
CLINICAL MEASUREMENTS
Age, sex, body mass index (BMI), diabetes, hypertension, smoking history, hypercholesterolaemia, cerebrovascular incidence (CVI), COPD, history of myocardial infarction (MI), the pre-operative number of coronary artery lesions, left ventricular ejection fraction (LVEF), myocardial performance index (MPI) and wall motion score index (WMSI) were recorded at baseline. At post-operative day 6, LVEF, MPI and WMSI were again measured.
Graft number, LIMA use, cross clamp period, side clamp period, defibrillation after pump freeing, the need for inotropic agents, intra-aortic balloon pump use, perioperative electrocardiogram changes, atrial fibrillation, extubation time, days spent in intensive care and the discharge times for both groups were measured.
In all cases, creatinine kinase muscle and brain subunits (CK-MB) and cardiac troponin T (cTnT) levels were measured at 1, 6, 12 and 24 h, and 3 and 6 days post-operation.
ECHOCARDIOGRAPHY
Echocardiographic measurements of LVEF, MPI and WMSI were undertaken at baseline and on post-operative day 6 using a Vingmed Vivid 7 ultrasound machine (GE, Horten, Norway). Views were obtained from left ventricular standard tomography (parasternal long-and short-axis, and apical two-and four-chamber long-axis views). The left ventricular diameters and wall thickness were measured using M-mode quantitative analysis which was performed in accordance with the recommendations of the American Society of Echocardiography in the parasternal long-axis view. 7
STATISTICAL ANALYSES
Mean values ± SD were calculated for both groups for patient demographics, pre-operative, operative and post-operative clinical data and enzyme results. Statistical analyses were carried out using the SPSS ® version 11.0 statistics program (SPSS Inc., Chicago, IL, USA). A χ 2 test for parametric data and a t-test for the multiple variables were used. P-values < 0.05 were considered statistically significant.
Results
PATIENTS
A total of 120 patients were included in this study, 60 cases randomized to each of group 1 (double clamp) and group 2 (single clamp). Patient demographics and characteristics were similar between the two groups. Group 1 comprised 54 men and six women of mean ± SD age 56.5 ± 7.4 years, and group 2 comprised 56 men and four women of mean ± SD age 55.4 ± 11.7 years (Table 1) .
CLINICAL MEASUREMENTS
Operative and post-operative clinical data are summarized in Table 2 . The cross clamp period in group 2 (single clamp) was statistically significantly longer than in group 1 (double clamp) (P = 0.001), but there was no significant difference in the total perfusion time. Significantly more cases in group 2 (38 [63%]) needed defibrillation to return to normal sinus rhythm compared with group 1 (17 [28%]) (P = 0.01). Inotropic agents were needed during pump release by 11 (18%) cases in group 1 compared with 24 (40%) in group 2 (P = 0.02). In one case (1.6%) in group 1 and three cases (5.0%) in group 2 dobutamine was added as a second inotropic agent at a dose of 2 -20 µg/kg per min. The mean ± SD myocardial temperature was 17.05 ± 6.8°C in group 1 and 15.5 ± 5.6°C in group 2 (not statistically significantly different).
There was no statistical difference between the two groups in pre-operative cTnT and CK-MB levels. In group 2 (single Single versus double aortic clamping during coronary bypass clamp), post-operative CK-MB levels were statistically significantly higher at 1, 6, 12 and 24 h and on days 3 and 6 than in group 1 (double clamp) (P = 0.001) ( Table 3) , whereas cTnT was only statistically significantly higher in group 2 versus group 1 at 1 h (P = 0.001) and 24 h post-operatively (P = 0.01) ( Table 4 ). Table  5 . The post-operative decrease in LVEF in group 1 (double clamp) compared with group 2 (single clamp) was not statistically significantly different from pre-operative values ( Table 5 ). Post-operative MPI and WMSI values for both groups were statistically significantly higher than pre-operative MPI and WMSI values (P < 0.05) ( Table 5 ).
Discussion
Risk factors for myocardial damage during cardiac surgery include: cardiopulmonary bypass and cross clamping time; possible graft; the composition, temperature and sufficiency of cardioplegia; thrombocyte, complement and cytokine activation due to cardiopulmonary bypass use; direct trauma to the heart (too much tension, hanging); insufficient coronary perfusion; and too much work load during the peri-operative period. 2 
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In the study by Güden et al., 8 in which cardiac and neurological results after singleor double-clamping during CABG were investigated, myocardial protection was obtained by anterograde-retrograde isothermic blood cardioplegia. There was no significant difference between CK-MB values and pre-operative MI rates and no difference was found in mechanical ventilation times or intensive care duration. As a result, they concluded that there was no advantage in terms of myocardial protection, but they found that neurological complications and mortality were significantly lower when single-clamping was performed.
In contrast to the double-clamp technique, performing distal and proximal anastomoses with a single clamp has been shown to prolong the ischaemic time, but cardiac and neurological complications are seen less often with the single clamp technique. 8 -10 The double-clamp technique, combined with anterograde and retrograde cardioplegia provides the opportunity of being able to give cardioplegia through the anastomosis and a more homogeneous distribution is obtained. Additionally, with the double-clamp technique, after the ischaemic period which is when the heart needs the most blood, no time is lost when performing the proximal anastomosis so the real ischaemic period is shortened.
In the present study, myocardial protection was carried out using anterograde crystalloid and cold-blood cardioplegia. The cross clamping time in the single-clamp group was significantly longer than in the double-clamp group; there was no difference in mean graft numbers or perfusion times. In spite of this, 17 cases in the double-clamp group needed defibrillation to return to normal sinus rhythm; the number was significantly higher in the single-clamp group (38 cases). As other parameters were similar, it may be concluded that the singleclamp group was more damaged.
A study by Bonnefoy et al., 11 showed that serum cTnT > 3.9 ng/ml was diagnostic for peri-operative MI for 24 h after CABG (sensitivity was 90% and specificity was 94%). Cardiac troponin I (cTnI), cTnT and CK-MB are indicators of myocardial damage and are widely used for the detection of perioperative damage arising from CABG, however, as cTnT and CK-MB also rise after striated muscle damage their specificity is limited. 11 -13 Although increases in these enzymes in the early post-operative period do not affect myocardial performance, a 1year study by Kathiresan et al. 14 
found that
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high post-operative cTnT levels did affect mortality; hence no worsening of myocardial function may not result in a lowering of expected mortality. Serum markers for cardiac damage do not define the mechanisms of damage, however, regardless of this their value is important in defining the amount of damage and indicating poor prognosis after surgery. 2 In the present study, with the exception of the pre-operative period, CK-MB levels in group 2 (single clamp) were significantly higher throughout the post-operative period compared with group 1 (double clamp). In contrast, cTnT levels were only statistically significantly higher in group 2 compared with group 1 at 1 h and 24 h after surgery. Thus, both the clinical and the enzyme data indicate that the double-clamp technique is better than the single-clamp technique in protecting the myocardium.
During CABG with the double-clamp technique, the protection of the heart is related to the homogeneous distribution of cardioplegia, 15 but one of the most important factors is the duration of ischaemia after taking out the cross clamp. 15 -17 In the single-clamp technique, the heart is started after the proximal anastomosis has been performed, whereas in the doubleclamp technique the cross clamp is taken out after the distal anastomosis has been completed but before the proximal anastomosis has been completed, the heart is started and the ischaemia time is, therefore, shortened. 16, 17 Ghods et al. 18 investigated the relationship between time and ventricular function in CABG. The LVEF was evaluated with scintigraphic imaging in the early (6 ± 4 days) and late (62 ± 24 days) post-operative period in patients with a normal preoperative LVEF compared with patients with left ventricular dysfunction. There was no difference in the clinical state in the early and late post-operative periods, and all the patients had normal sinus rhythm. No postoperative change was found in LVEF in those patients who had a normal pre-operative LVEF, whereas in patients with pre-operative left ventricular dysfunction the pre-operative LVEF was 26 ± 8%, early post-operative LVEF was 30 ± 10% and late post-operative LVEF was 34 ± 8% (P < 0.05). Patients who recovered early, also continued to recover in the late period. Seven patients recovered only in the late period. The timing of LVEF measurement is, therefore, important in patients with reduced left ventricular function, but not in patients with normal left ventricular function because the extent of recovery may be less than expected in the early post-operative period. 18 Awan et al. 19 studied the effects of CABG on left ventricular wall motion in patients undergoing surgery for proven coronary artery disease. Pre-and post-operative echocardiogram demonstrated no change in left ventricular WMSI scores (1.25 and 1.23, respectively) and there was also no change in pre-and post-operative LVEF. 19 Fath-Ordoubadi et al. 20 investigated the effect of the degree of pre-operative ventricular dysfunction on post-operative ventricular function after CABG. Global and regional left ventricular function was evaluated pre-operatively and at postoperative months 4 and 6 by radionucleotide ventriculography, and patients were grouped as having serious and moderate left ventricular dysfunction. The results showed that coronary revascularization was more beneficial in patients with more serious left ventricular dysfunction.
The patients in our present study had mild left ventricular dysfunction. Although postoperative LVEF decreased in both groups (group 1 [double clamp] from 48.0 ± 7.0% to O Tiryakioglu, U Sayar, S Demirtas et al. Single versus double aortic clamping during coronary bypass 44.8 ± 6.8%, group 2 [single clamp] from 47.5 ± 9.6% to 46.5 ± 8.0%), this was not statistically significant, hence the single-or double-clamp technique did not affect LVEF significantly in the early post-operative period (day 6). Improvement in LVEF might have been expected perhaps if echocardiography had been performed later. In contrast, the present study showed that post-operative WMSI increased significantly in both groups after CABG compared with the pre-operative values, indicating a deterioration in left ventricular wall motion during the early postoperative period regardless of whether single or double clamps were used.
The MPI is a reliable and easily evaluated measurement of left ventricular function and is appropriate for large studies, however more studies are needed in order to define the role of MPI in clinical practice. For example, the clinical importance of age and gender to MPI have yet to be defined. It also remains to be confirmed whether or not pharmacological and non-pharmacological interventions change MPI and whether they change the risk relationships with high MPI values. 21, 22 In the present study, posoperative MPI increased significantly in both groups compared with pre-operative values, showing that the MPI changes in the early post-operative period (day 6) but stays within the upper limits of normal regardless of the clamp technique used.
Swanson et al. 23 reported that, although well tolerated, a myocardial temperature of 4°C is hard to accomplish in open heart surgery and may injure adjacent tissue; they suggested that such low temperatures should only be used in cardiac transplantations. The myocardial temperature may be kept at 10 -15°C by various means and this is now accepted as low enough to provide sufficient myocardial protection for CABG surgery. 24 In the present study, cardioplegia time was based on myocardial temperature being continuously monitored. There was no statistically significant difference in mean myocardial temperature between two groups, so the myocardium was equally protected in both.
Whether to use single or double aortic clamps is the surgeon's decision. In the authors' opinion, if the patient is young and has no aortic plaques, double clamping has no unwanted side effects. Additionally, the early starting of the heart and the reduced need for inotropic agents with the doubleclamp technique may be helpful in preventing future complications. Clinical and enzymatic differences showed that the double-clamp technique provided better myocardial protection than the single-clamp technique. Single clamping resulted in elevation of cardiac enzymes and, although this does not appear to have adversely affected cardiac performance in the early (day 6) post-operative period, there is the possibility that it might have a negative influence later. Thus, in the present study, although the double-clamp technique provided better myocardial protection than the single-clamp technique and neither technique seemed to have a negative impact on the early post-operative global functioning of the left ventricle, the effect of these techniques on the global functioning of the left ventricle in the late post-operative period need to be evaluated.
